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(54) Novel aspartylamide derivatives and sweeteners 

(57) A low-calory sweetener which exhibits a high 
level of stability, an excellent safety and an excellent 
sweetness is provided. The object of the present inven- 
tion is accomplished by the provision of novel aspartyla- 
mide derivatives such as N-a-L-aspartyl-(1 R, 2S, 4S)-1- 
methyl-2-hydroxy-4-phenylhexylamide, N-<x-L-(N'-3,3- 
dimethyibutylaspartyl)-(1 R. 2S. 4S)-1 -methyl-2- 
hydroxy-4-phenylhexylamide) and the tike, and a sweet- 
ener containing the above-mentioned derivatives or 
salts thereof as an active ingredient. 
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Description 

Field of the Invention 

The present invention relates to novel aspartylamide derivatives and salts thereof as well as a sweetener contain- 
ing the same as an active ingredient _ 

Background of the Invention 

In recent years, eating habits have been improved to a high level, and fatness caused by excessive intake of sugar 
and diseases accompanied by the fatness have been at issue. Therefore, the development of a low-calory sweetener 
that replaces sugar has been in demand. As a sweetener that has been widely used at present there is aspartame 
which is excellent in terms of a safety and sweetness properties. However, it involves a problem of a stability. In order 
to improve the stability and the sweetness intensity, an aspartylamide derivative which is a condensate of aspartic acid 
and p-amino-alcohol and which is free from an ester linkage was studied. Thus, the compounds described in U. S. Pat- 
ent No. 4,423,029, European Patent No. EP 0203540A1, J. Med. Chem., 12, 1217 (1970) or Tetrahedron Letters, 25. 
6891 (1994) were found. Meanwhile, it is described in French Patent No. 2,697,844 that aspartyldipeptide derivatives 
in which an alkyl group has been introduced into an amino group exhibits an extremely increased degree of sweetness. 
However, these compounds do not satisfy the stability. 

Problems To Be Solved bv the Invention 

The present invention is to provide novel aspartylamide derivatives and salts thereof which are obtained by using 
an easily-obtainable amino-alcohol component and which exhibit a high level of safety and an excellent stability, as well 
as a low-calory sweetener containing the same as an active ingredient 

Means Taken For Solving the Problems 

In order to solve the above-mentioned problems, the present inventors have assiduously conducted investigations 
with respect to an N-alkyl group and an amino-alcohol component of aspartylamide derivatives, and have consequently 
found that aspartylamide derivatives represented by the following formula (I) are used as a sweetener which is excellent 
in terms of sweetness intensity, stability and sweetness properties. This finding has led to the completion of the present 
invention. 

RrNHC^tCHsCOO^CONH-^RaRa^HP^-FU (I) 

wherein 

R 1 represents H, a saturated or unsaturated linear or cyclic hydrocarbon group having from 1 to 13 carbon atoms, 
or a mixed hydrocarbon group thereof; 

R 2 and R 3 each represent H, or a substituent selected from an alkyl group having from 1 to 6 carbon atoms, an 
alkoxyalkyl group having from 2 to 7 carbon atoms, a hydroxyalkyl group having from 2 to 7 carbon atoms, a phenyl 
group, a 2-furyl group, a dimethylene group, a trimethylene group, a tetramethylene group and a pentamethylene 
group; 

when R 1 is a saturated or unsaturated linear or cyclic hydrocarbon group having from 1 to 13 carbon atoms or a 
mixed hydrocarbon group thereof , R 4 represents an alkyl group having from 1 to 12 carbon atoms, or a substituent 
represented by formula (II) or (III), and when is H, R 4 represents a substituent represented by formula (III) 

-(CHR 5 ) n -R 6 (II) 

*(CH 2 ) m C 4 HR 7 R 8 ( |||) 

in which 
in formula (II) 

Rs represents H, or an alkyl group having from 1 to 4 carbon atoms. 

Re represents a 3- to 10-membered cycloalkyl group having a total of 12 or less carbon atoms, a cycloalkenyl 
group, a cycloalkyl group which is substituted by an alkyl group, a cycloalkenyl group, a bicycloalkyl group, a bicy- 
cloalkenyl group, or a tricycloalkenyl group, and 
n represents 0 or 1 , and 
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in formula (III) 

R 7 and R 8 each represent K a cycloalkyl group having from 3 to 4 carbon atoms, an alkyl group having from 1 to 
6 carbon atoms, an alkoxyalkyl group having from 2 to 7 carbon atoms, a phenyl group, a phenyl group having a 
substituent selected from F, CI, Br, I, a hydroxy group, an alkyl group having from 1 to 6 carbon atoms, an alkoxy 

5 group having from 2 to 7 carbon atoms, a cyano group, a nitro group, an acetyl group, an amino group and an 
acetylamino group in the 2-, 3- or 4-position, a phenyl group having a methyl enedioxy group, a trimethylene group 
or a tetramethylene group in the 2-and 3-positions or in the 3- and 4-positions, a 2-. 3-or 4-pyridyl group, a 2- or 3- 
f uryl group, or a 2- or 3-thienyl group, and 
m represents 0 or 1 ; and 

10 the C 1 -configuration is (S), and the C 2 -. C 3 - and (^-configurations are (R), (S) or (RS). 

Mode of Carrying Out the Invention 

The novel aspartylamide derivatives of the present invention are the compounds of formula (I) and salts thereof. 
is Examples of the salts of the compounds in the present invention include salts with alkali metals such as sodium 
and potassium; salts with alkaline-earth metals such as calcium and magnesium; salts with amines such as monoeth- 
anolamine; salts with inorganic acids such as hydrochloric acid and sulfuric acid; and salts with organic acids such as 
citric acid and acetic acid. 

The aspartylamide derivatives of the present invention can be formed by a usual peptide synthesis method (Izu- 

20 miya et al. f Basis of Peptide Synthesis and Experiments thereof, Maruzen, January 20, 1985). That is. desired <x-L- 
aspartylamide can be formed by first condensing an amino-alcohol with L-aspartic acid in which the carboxylic acid in 
the p-position and the amino group are protected to obtain an amide, and then removing the protective groups, or by 
first converting L-aspartic acid in which the carboxylic acid in the p-position and the amino group are protected into an 
active ester, reacting this ester with an amino-alcohol to obtain an amide, and then removing the protective groups. 

25 However, the method of forming the compounds in the present invention is not limited thereto. 

The N-alkylaspartylamide derivatives can be formed by obtaining an amide of L-aspartic acid having protective 
groups and an amino-alcohol, then selectively removing the N-protective group, reductively alkylating the resulting com- 
pound with an aldehyde [A. F. Abdel-Magid et afl.. Tetrahedron Letters. 21 5595 (1990)]. and further removing the 
remaining protective group. That is, an amino-alcohol is first condensed with L-aspartic acid in which the carboxylic acid 

30 in the p-position and the amino group are protected to obtain an amide, or L-aspartic acid in which the carboxylic acid 
in the p-position and the amino group are protected is first converted into an active ester, and this active ester is then 
reacted with an amino-alcohol to obtain an amide. The N-protective group of this protected aspartylamide is selectively 
removed, the resulting substance is reductively alkylated with an aldehyde and a reducing agent [for example, 
NaB(OAc) 3 H]. and the remaining protective group is then removed to give a desired N-aikyl-a-L-aspartylamide. The N- 

35 alkyl-a-L-aspartylamide can also be obtained by reductively alkylating the above-obtained a-L-aspartylamide with an 
aldehyde and a reducing agent (for example, palladium on carbon). However, the method of forming the compounds of 
the present invention is not limited thereto. The amino-alcohol which is used to produce the compounds of the present 
invention can easily be obtained from an amino acid as an optically active substance by the method described in the 
literature [Tetrahedron Letters, by M. W. Holladay et al., 24, 4401 (1983). or Angew. Chem. Int Ed. Engie.. by M. T. 

40 Reets et al.. 26, 1 141 (1987)]. However, the method of forming the amino-alcohol in the present invention is not limited 
thereto. 

As a result of the sensory evaluation, it was found that the compounds of the present invention and the salts thereof 
have a strong sweetness and their sweetness qualities are similar to that of sugar. For example, the degree of sweet- 
ness of N-a-L-aspartyl-(1R ( 2S. 4S)-1-methyl-2-hydroxy-4-phenylhexylamide was approximately 2.500 times (that of 

45 sugar), the degree of sweetness of N-a-L-aspartyl-(1 R. 2S, 4R)-1-methyl-2-hydroxy-4-phenylhexylamide was approxi- 
mately 1.500 times (that of sugar), the degree of sweetness of N-a-L-aspartyl-(1R. 2S, 4RS)-1-methyl-2-hydroxy-4- 
phenylhexylamide was approximately 2,300 times (that of sugar), the degree of sweetness of N-a-L-(N'-3,3-dimethyl- 
butylaspartyl)-(1 R. 2S, 4S)-1 -methyl-2-hydroxy-4iDhenylhexyiamide was approximately 5,500 times (that of sugar), the 
degree of sweetness of N-a-L^N'-S.S-dimethylbutylaspartylHI R, 2S, 4R)-1 -methyl-2-hydroxy-4-phenylhexylamide was 

so approximately 3,000 times (that of sugar), the degree of sweetness of N-a-L-(N*-2-ethylbutylaspartyl)-(1 R, 2S, 4S)-1- 
methyl-2-hydroxy-4-phenylhexylamide was approximately 3,000 times (that of sugar), and the degree of sweetness of 
N-a-L-(N , -3-methylbutylaspartyl)-(1 R, 2S, 4S)-1 -m^hyl-2-hydroxy-4-phenylhexyiamide was approximately 4.000 times 
(that of sugar). 

The half-life (in a phosphate buffer of pH 3 at 70°C) of N-a-L-aspartyl-(1 R, 2S. 4S)-1 -methyl-2-hydroxy-4-phenyl- 
ss hexylamide in an acidic aqueous solution was approximately 289 hours, and it was by far stabler than aspartame (half- 
life approximately 24 hours). 

Further, N-a-L-aspartyl-(1 R. 2S, 4S)-1-methyl-2-hydroxy-4-phenylhexylamide was subjected to a toxicity test in 
one oral administration (2.0 g/kg) using ICR-strain mice. Consequently, it was found that this compound has no problem 
with respect to the safety. 
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The structures of the aspartylamide derivatives formed and the results of the sensory evaluation thereof are shown 
in Table 1. 

R r NHC 1 H(CH 2 COOH)CONH-C 2 R 2 R3-C 3 H(OH)-R4 (I) 



Table 1 



Structures of aspartylamide derivatives and degrees of sweetness thereof 
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1) Relative to a degree of sweetness of a 4-% sucrose aqueous solution. 

2) The C 1 -configuration is (S). 



When the compounds of the present invention or the salts thereof are used as a sweetener, these compounds may 
45 be used in combination with other sweeteners unless inviting any troubles. 

Example 1 



Synthesis of N-g-L-aspartvl-M R. 2S. 4SV1-mQthvl .2.hvdr Q w-A-phenvlh6xvlamid ft 

so 

LAH (0.73 g, 19.25 mmols) was suspended in 50 ml of ether, and the suspension was maintained at 0°C. To this 
suspension were added 3.44 g (11.0 mmols) of N-methoxy-N-methylcarboxyamide of N,N-dibenzyl-a-D-alanine. The 
mixture was stirred at 0°C for 1 hour, and 50 ml of a 1-M potassium hydrogensulfate aqueous solution were added 
thereto. The reaction solution was extracted twice with 50 ml of ether. The organic layer was washed with 50 ml of a 5- 
55 % sodium hydrogencarbonate aqueous solution and with a saturated aqueous solution of sodium chloride, and was 
dried over anhydrous magnesium sulfate. Magnesium sulfate was removed by filtration, and the filtrate was concen- 
trated to obtain 2.76 g (10.9 mmols) of (R)-2-N,N-dibenzylaminopropy1 aldehyde. 

Magnesium (0.24 g, 9.9 mmols) was suspended in 1 ml of THF, and a solution of 1 .41 g (6.6 mmols) of (R)-2-phe- 
nylbutyl bromide in 2 ml of THF was added dropwise to the suspension. The reaction solution was stirred at room tern- 
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perature for 1 hour, and 5 ml of THF were added thereto. The mixed solution was cooled to 0°C. To the reaction solution 
was added a solution obtained by dissolving 1 .37 g (5.5 mmols) of the above-obtained (R)-2-N,N-dibenzylaminopropyl 
aldehyde in 10 ml of THF, and the mixture was stirred at 0°C for 1 hour. To this reaction solution were added 50 ml of a 
saturated aqueous solution of ammonium chloride, and the mixture was extracted twice with 50 ml of ether. The organic 
layer was washed with 5-% sodium hydrogencarbonate and with a saturated aqueous solution of sodium chloride, and 
was dried over anhydrous magnesium sulfate. Magnesium sulfate was removed by ffltration, and the filtrate was con- 
centrated. The residue was purified by PTLC to give 1.46 g (3.77 mmols) of N,fvWibenzyl-(lR, 2S. 4S)-1-methyl-2- 
hydroxy-4-phenylhexylamine (2S:2R = >5:1). 

N,N-dibenzyl-(1R. 2S, 4S)-1-methyl-2-hydroxy-4-phenylhexylamine (1 .46 g, 3.77 mmols) was dissolved in 25 ml of 
methanol, and 0.43 ml (7.53 mmols) of acetic acid and 0.6 g of 5-% palladium on carbon (water content 50%) were 
added thereto. The reaction solution was stirred under a hydrogen atmosphere at 50°C for 16 hours. Subsequently, the 
catalyst was removed by filtration, and the filtrate was concentrated. To the residue were added 15 ml of a saturated 
aqueous solution of sodium hydrogencarbonate, and the mixture was extracted twice with 50 ml of methylene chloride. 
The organic layer was dried over anhydrous magnesium sulfate, and magnesium sulfate was then removed by filtration. 
The filtrate was concentrated to obtain 0.61 g (2.96 mmols) of (1 R, 2S, 4S)-1 -methyl-2-hydroxy-4-phenylhexylamine. 

To 30 ml of methylene chloride were added 1 .17 g (3.26 mmols) of N-benzyloxycarbonyl-L-aspartic acid-p-benzyl 
ester and 0.61 g (2.96 mmols) of (1R, 2S, 4S)-1-methyl-2-hydroxy-4-phenylhexylamine. The reaction solution was 
cooled to 0°C, and 0.63 g (3.26 mmols) of water-soluble carbocfiimide hydrochloride and 0.44 g (3.26 mmols) of HOBt 
were added thereto. The mixture was stirred for 1 hour while being cooled and then overnight at room temperature. 
After the reaction mixture was concentrated under reduced pressure, 50 ml of water were added to the residue, and the 
mixture was extracted twice with 50 ml of ethyl acetate. The organic layer was washed twice with a 5-% citric acid aque- 
ous solution, with 50 ml of water, twice with 50 ml of a 5-% sodium hydrogencarbonate aqueous solution and with 50 
ml of a saturated aqueous solution of sodium chloride. After the organic layer was dried over anhydrous magnesium 
sulfate, magnesium sulfate was removed by filtration. The filtrate was concentrated under reduced pressure, and was 
purified with PTLC to obtain N-a-L-(N , -benzyloxycarbonyl-p-0-ben2ylaspartyl)-(1 R, 2S, 4S)-1-methyl-2-hydroxy-4-phe- 
nyl-hexylamide as a viscous oil. 

N-a-L-(N , -benzyloxycarbonyl-p-0-benzylaspartyl)-(1R, 2S. 4S)-1-methyl-2-hydroxy-4-phenylhexylamide (1.32 g. 
2.42 mmols) was dissolved in 40 ml of methanol, and 5 ml of water and 0.85 g of 5-% palladium on carbon (water con- 
tent 50%) were added thereto. The mixed solution was reduced under a hydrogen atmosphere overnight at room tem- 
perature. The catalyst was removed by filtration, and the filtrate was concentrated under reduced pressure. The residue 
was then dried to give 0.72 g (2.23 mmols) of N-a-L-aspartyl-(1R, 2S ( 4S)-1-methyl-2-hydroxy-4-phenylhexylamide 
(2S:2R = 5:1). 

1 HNMR(DMSO-d 6 )5:0.67(t.3H), 0.99(d,3H). 1 .38-1 .60(m,2H), 

1.63- 1.76(m,2H) ( 2.53-2 .65(m,1H), 2.60-2.80(2dd,2H), 3.49(m,1H), 3.74(m,1H), 3.94(t,1H), 7.1 4-7.3 1(m,5H), 
8.32(d,1H) 

ESI-MS 323.2 (MH + ) 
Degree of sweetness (relative to sugar) 2,500 times 

Example 2 

Synthesis of N-q-L-asoartvl-flR. 2S. 4R)-1-methvl-2-hvdroxv-4-ohenvlhexvlamide 

Example 1 was repeated except that (S)-2-phenylbutyl bromide was used instead of (R)-2-phenylbutyl bromide to 
give N-a-L-aspartyi-(1 R, 2S, 4R)-1 -methyl -2-hydroxy-4-phenylhexylamide (2S;2R = >9:1) as a solid in a total yield of 
54.2%. 

1 HNMR(DMSO-d 6 )6:0.69(t,3H), 0.93(d,3H), 1 .45-1 .68(m,4H), 

2.64- 2.77(m,3H), 3.10(m,1H), 3.57(m,1H), 3.94(t,1H), 7.14-7.31(m,5H). 8.28(d,1H) 
ESI-MS 322.9 (MH + ) 

Degree of sweetness (relative to sugar) 1 ,500 times 

Example 3 

Synthesis of N-a-L-asoartv1-(1R. 2S. 4RS)-1 -methyl -2-hvdroxv-4-Dhenvlhexylamide 

Example 1 was repeated except that (RS)-2-phenylbutyl bromide was used instead of (R)-2-phenylbutyl bromide to 
give IM-a-L-aspartyl-(1 R, 2S, 4RS)-1-methyl-2-hydroxy-4-phenylhexyiamide as a solid in a total yield of 16.7%. 

1 NMR(DMSO-d 6 ) 6:0.66(t,1.5H), 0.70(d,1 .5H), 0.93 (d,1.5H), 
0.97(d,1.5H), 1.40-1.75(m,4H), 2.10-2.65(m.3H), 3.00 (m,0.5H), 3.40(m,0.5H), 3.55-3 .90(m,2H), 7.13- 
7.29(m.5H), 8.07(brd,0.5H), 8.17(brd,0.5H) 
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ESI-MS 322.8 (MH+) 
Degree of sweetness (relative to sugar) 2,300 times 

Example 4 

Synthesis of N-g-L-aspartvmR. 2S 4R S>-1-methvl-2-hvdrQxv-4-phenvlpentvlamide 

Example 1 was repeated except that (RS)-2-phenylpropyl bromide was used instead of (R)-2-phenyibutyl bromide 
to give N-a-L-aspartyl-(lR ( 2S ( 4RS)-1-methyl-2-hydroxy-4-phenylpentylamide (2S:2R = 7:3) as a solid in a total yield 
of 29.3%. 7 
1 HNMR(DMSO-dg) 6:0.94(d,1.5H), 1.00(d,1.5H), 1.16(d,1.5H), 

1.18(d,1.5H), 1.46-1.72(m,2H), 2.33-2.60(m,2H), 2.92(m, 0.5H), 3.06(m,0.5H), 3.45-3.83(m,2H), 7 12- 
7.38(m,5H) 8.14(d,0.5H), 8.24(d,0.5H) 
ESI-MS 309.3 (MH + ) 
Degree of sweetness (relative to sugar) 700 times 

Example 5 

Synthesis Qf N- ff -L-g$partyK 1 R. 2$, 4RS)-1-methyl-2-hvdroxv^-Phenvl-5- m ethox W6 ntvl a mid fl 

Example 1 was repeated except that (RS)-2-phenyl-3-methoxypropyl bromide was used instead of (R)-2-phenyt- 
butyl bromide to give N-cc-L-aspartyl-(1 R, 2S, 4RS)-1-methyl-2-hvdroxy-4-pheny|.5-methoxypentylamide (2S:2R = 7:3) 
as a solid in a total yield of 34.5%. 

1 HNMR(DMSO-d 6 )5:0.93(d p 1.5H),0.98(d ( 1.5H) ( 1.46-1.84^,2^,2.68-2.80^,2^.2.94-3.22^2^ 3 18(s3H) 
3.29-3.53(m,2H), 3.53-3.78(m l 1H). 3.90-4.00<m,1 H). 7.14-7.32(m.5H). 8.30(d.0.5H), 8 39(d 0 5H) 
ESI-MS 339.1 (MH + ) 

Degree of sweetness (relative to sugar) 1 00 times 

Example 6 

Synthesis of N-a-L-aspartvi-M R. 2S. 4R S)-1-ethvl-2-hvdroxv-4-phenvlhexv»amfde 

Example 1 was repeated except that (RS)-2-phenylbutyl bromide was used instead of (R)-2-phenylbutyl bromide 
and N-methoxy-N-methylcarboxyamide of N,N-dfoenzyl-a-D-aminobutyric acid instead of N-methoxy-N-methylcar- 
boxyamide of N,N-dibenzyl-a-D^alanine respectively. Consequently, N-a-L-aspartyl-(1 R f 2S t 4RS)-1 -ethyl-2-hydroxy-4- 
phenylhexylamide (2S:2R = >9:1) was obtained as a solid in a total yield of 35.3%. 

1 HNMR(DMSO-d 6 ) 6:0.60-0.84(m ( 6H). l.i5-1.78(m,6H), 2.33-2.75(m,3H), 2.97(m,1H), 3.45(m,1H), 3.59(m,1H), 
3.77 (m,1 H), 7.13-7.38(m,5H), 7.95-8.23(brd, 1 H) 
ESI-MS 337.5 (MH + ) 

Degree of sweetness (relative to sugar) 250 times 

Exqmple 7 

Synthesis Of N-g-L-aspartvKIR. 2S. 4RSV1-a-hvdm xvethvl-2-hvdroxv-4-phenvlhexvlamide 

Example 1 was repeated except that <RS)-2-phenylbutyl bromide was used instead of (R)-2-phenylbutyl bromide 
and N-methoxy-N-methylcaiboxyamide of N.N-dibenzyl-O-benzyl-a-D-threonine instead of N-methoxy-N-methylcar- 
boxyamide of N,N^dibenzyl-a-D-alanine respectively. Consequently, N-a-L-aspartyl-(1 R, 2S, 4RS)-1-ot-hydroxyethyl-2- 
hydroxy-4-phenylhexylamide (2S:2R = 9:1) was obtained as a solid in a total yield of 16.7%. 

1 HNMR(DMSO-d 6 ) 6:0.60-0.72(m,3H), 0.82-0. 98(m t 3 H), 1.30-1 .84(m,4H), 2.24-2.40(m,2H). 2.50-2.6O(m,1H), 
2.66-2.80 (m,1H), 2.35-3.65(m,1H), 3.65-3.90(m,1H), 4.00-4.40 (m,1H), 7.12-7.34(m,5H), 8 06(brs 1H) 
ESI-MS 353.6(MH+) " 

Degree of sweetness (relative to sugar) 100 times 

Example 8 

Synthesis of N-q-L-asoartvl-(1R. 2SVl- methvl-2-h v droxv-4-phenvlbutvlamide 

Example 1 was repeated except that 2-phenylethyl bromide was used instead of (R)-2-phenylbutyl bromide to give 
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N-a-L-aspartyl-(1R, 2S)-1-methyl-2-hydroxy-4-phenylbutylamide (2S:2R = 9:1) as a solid in a total yield of 28.5%. 

1 HNMR(DMSO-d 6 ) 6: 1.00(d,3H), 1.46-1.65(m,1H), 1.65-1.73(m,1H). 2.19(dd,1H), 2.39(dd.1H), 2.55-2.60(m,1H). 
2.69-2.80(m.1H), 3.30-3.38(m,1H), 3.58-3.64(m,1H) f 3.66-3.74(m.1H) 
ESI-MS 295.2 (MH + ) 
5 Degree of sweetness (relative to sugar) 50 times 

Example 9 

Synthesis of N-ct-L-aspartvl-n R. 2R. 4RS>-1-methvl-2-hvdro xv-4-ohenvlhexvlamide 

10 

LAH (0.40 g ( 10.5 mmols) was suspended in 20 ml of ether, and the suspension was maintained at 0°C. To this sus- 
pension were added 1.63 g (7.0 mmols) of N-methoxy-N-methylcarboxyamide of N-tert-butaxycarbonyl-a-D-alanine. 
The mixture was stirred at 0°C for 1 hour, and 25 ml of a 1-M potassium hydrogensulfate aqueous solution were added 
thereto. The reaction solution was extracted twice with 50 ml of ether. The organic layer was washed with 50 ml of a 5- 

75 % sodium hydrogencarbonate aqueous solution and with a saturated aqueous solution of sodium chloride, and was 
dried over anhydrous magnesium sulfate. Magnesium sulfate was removed by filtration, and the filtrate was concen- 
trated to obtain 1.21 g (7.0 mmols) of (R)-2-N-tert-butoxycarbonylaminopropyl aldehyde as a solid. 

Magnesium (0.63 g, 26.3 mmols) was suspended in 2 ml of THF t and a solution of 3.73 g (1 7.5 mmols) of (RS)-2- 
phenylbutyl bromide in 3 ml of THF was added dropwise to the suspension. The reaction solution was stirred at room 

20 temperature for 1 hour, and 5 ml of THF were then added thereto. The mixed solution was cooled to -78°C. To the reac- 
tion solution was added a solution obtained by dissolving 1 .21 g (7.0 mmols) of the above-obtained (R)-2-N-tert-butox- 
ycarbonylaminopropyl aldehyde in 10 ml of THF. The temperature was gradually elevated from -78°C, and the mixture 
was then stirred at room temperature for 15 hours. To this reaction solution were added 50 ml of a saturated aqueous 
solution of ammonium chloride, and the mixture was extracted twice with 50 ml of ether. The organic layer was washed 

25 with 5-% sodium hydrogencarbonate and with a saturated aqueous solution of sodium chloride, and was dried over 
anhydrous magnesium sulfate. Magnesium sulfate was removed by filtration, and the filtrate was concentrated. The res- 
idue was purified with PTLC to obtain 0.91 g (2.96 mmols) of (1 R. 2S. 4RS)-N-tert-butoxycarbonyl-1-methyl-2-hydroxy- 
4-phenyihexylamine (2S:2R = 3:7) as an oil. 

Fifteen milliliters of a solution containing 4-N HCI and dioxane were added to 0.91 g (2.96 mmols) of (1 R, 2R, 4RS)- 

30 N-tert-butOKycaibonyl-1-methyl-2-hydrQxy-4-phenylhexylamine f and the mixture was stirred at room temperature for 1 
hour. The reaction solution was concentrated under reduced pressure, and the residue was further concentrated after 
the addition of 25 ml of ether. The resulting residue was dissolved in 25 ml of methylene chloride. The reaction solution 
was cooled to 0°C, and 1.17 g (3.26 mmols) of N-benzyloxycarbonyl-L-aspartic add-p-benzyl ester, 0.45 ml (3.26 
mmols) of triethylamine, 0.63 g (3.26 mmols) of water-soluble carbodiimide and 0.44 g (3.26 mmols) of HOBt were 

35 added thereto. The reaction solution was stirred for 1 hour while being cooled and then overnight at room temperature. 
After the reaction solution was concentrated under reduced pressure, 50 ml of water were added to the residue, and 
the resulting solution was extracted twice with 50 ml of ethyl acetate. The organic layer was washed twice with 50 ml of 
a 5-% citric acid aqueous solution, with 50 ml of water, with 50 ml of a 5-% sodium hydrogencarbonate aqueous solution 
and with 50 ml of a saturated aqueous solution of sodium chloride. The organic layer was dried over anhydrous mag- 

40 nesium sulfate, and magnesium sulfate was then removed by filtration. The filtrate was concentrated under reduced 
pressure, and was purified with PTCL to obtain 1 .1 5 g (2.1 1 mmols) of N-a-L-(N'-benzyioxycarbonyl-p-0-benzylaspar- 
ty1)-(1 R, 2R, 4RS)-1 -methyl-2-hydroxy-4-phenylhexylamide as a viscous oil. 

N-a-L-(N*-benzy1oxycarbonyl-p-0-benzylaspartyl)-(1R, 2R, 4RS)-1-methyl-2-hydroxy-4-phenylhexylamide (1.15 g, 
2.1 1 mmols) was dissolved in 35 ml of methanol, and 5 ml of water and 0.35 g of 5-% palladium on carbon (water con- 

45 tent 50%) were added thereto. The mixed solution was reduced under a hydrogen atmosphere overnight at room tem- 
perature. The catalyst was removed by filtration, and the filtrate was concentrated under reduced pressure. The residue 
was then dried to give 0.59 g (1.84 mmols) of N-<x-L-aspartyi-(1 R, 2R, 4RS)-1-methyl-2-hydroxy-4-phenylhexylamide 
(2S:2R « 3:7) as a solid. 

1 HNMR(DMSO-d 6 ) 6: 0.67(t,1.5H), 0.69(11.51-1), 0.91(d,1.5H) 

so 0.96(d.1.5H), 1.40-1.75(m,4H), 2.40-2. 70(m,3H), 2.95-3.90 

(m,3H). 7.10-7.35(m,5H), 8.07(brs,1H) 
ESI-MS 323.1 (MH + ) 
Degree of sweetness (relative to sugar) 1 ,000 times 

55 Ex ample 1 0 

Synthesis of N-q-L-aspartyl-dR. 2R. 4RV1-methvl-2-hvdroxv-4-Dhenvlhexvlamide 

Example 9 was repeated except that (S)-2-phenylbutyl bromide was used instead of (RS)-2-phenylbutyl bromide to 
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give N-a-L-aspartyl-(1R, 2R, 4R)-1-methyl-2-hydroxy-4-phenylhexylamide (2S2R = 3:7) as a solid in a total yield of 
38.6%. 

1 HNMR(DMSO-d 6 ) 6: 0.58-0. 73(m, 3 H), 0.88-1. 00(m,3H) ( 1.35-t.75(m,4H), 2.45-2.75(m t 3H), 3.05-3.95(m,3H), 
713-7.32(m,5H),8.07(d,1H) 
ESI-MS 323.1 (MH + ) 
Degree of sweetness (relative to sugar) 800 times 

Example 1 1 

Synthesis of N-a-L-aspartyl-f2RS. 4RS)-1 .1-dimet hvl-2-hvdroxy-4-phenylhexylamide 

Example 9 was repeated except that N-methoxy-N-methylcarboxyamide of lsl-tert-butoxycartx)nyl-a l a-dimethylgly- 
cine was used instead of N-methoxy-N-methylcarboxyamide of N-tert-butoxycarbonyl-a-D-alanine to give N-ot-aspartyl- 
(2RS ( 4RS)-1 l 1-dimethyl-2-hydroxy-4-phenylhexylamide as a solid in a total yield of 8.3%. 

1 HNMR(DMSO-d 6 ) 6: 0.64-O.75(m,3H), 1.05-1.25(m,6H), 1 .25-1.90(m.4H), 2.10-2.50(m,2H), 2.58(m,1H), 
3.05(m,1H), 

3.45-3.90(m,2H) ( 7.13-7.30(m,5H), 7.93(brs.0.5H), 8.07 (brd ( 0.5H) 
ESI-MS 337.6 (MH + ) 
Degree of sweetness (relative to sugar) 250 times 

Example 12 

Synthesis Of N-g-L-fN^.S-dimethvlbutylaspartvlVflR. 2S. 4SW1-methvl-2-hvdrQw ^phenvlhe XV lamid e 

N-tert-butoxycarbonyl-L-asparttc acid-p-benzyl ester (0.91 g, 2.80 mmols) and 0.58 g (2.80 mmols) of (1 R. 2S, 4S)- 
1-methyl-2-hydroxy-4-phenylhexylamine (0.58 g. 2.80 mmols) which had been formed as in Example 1 were added to 
30 ml of methylene chloride. The reaction solution was cooled to 0°C. and 0.59 g (3.08 mmols) of water-soluble carbo- 
diimide hydrochloride and 0.42 g (3.08 mmols) of HOBt were added thereto. The mixed solution was stirred for 1 hour 
while being cooled and then overnight at room temperature. After the reaction mixture was concentrated under reduced 
pressure, 50 ml of water were added to the residue, and the mixture was extracted twice with 50 ml of ethyl acetate. 
The organic layer was washed twice with a 5-% citric acid aqueous solution, with 50 ml of water, twice with a 5-% 
sodium hydrogencarbonate aqueous solution and with 50 ml of a saturated aqueous solution of sodium chloride. After 
the organic layer was dried over anhydrous magnesium sulfate, magnesium sulfate was removed by filtration, and the 
filtrate was concentrated under reduced pressure to obtain 1.43 g (2.78 mmols) of N-a-L-fN'-tert-butoxycarbonyl-p-O- 
benzylaspartyl)-(1R, 2S, 4S)-1-methyl-2-hydroxy-4-phenylhexylamide as a viscous oil. 

Seven milliliters of a solution containing 4-N HCI and dioxane were added to 1 .43 g (2.78 mmols) of N-a-L-(N'-tert- 
butoxycarbonyl-p-0-benzylaspartyl)-(1R, 2S, 4S)-1-methyl-2-hydroxy-4-phenylhexylamide, and the mixture was stirred 
at room temperature for 1 hour. The reaction solution was concentrated under reduced pressure, and 50 ml of a 5-% 
sodium hydrogencarbonate aqueous solution were added to the residue. The mixture was extracted twice with 50 ml of 
ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride, and was dried over 
anhydrous magnesium sulfate. Magnesium sulfate was then removed by filtration, and the filtrate was concentrated 
under reduced pressure to obtain 1 .13 g (2.73 mmols) of N-a-L-(p-0-benzylaspartyl)-(1 R, 2S, 4S)-1-methyl-2-hydroxy- 
4-phenylhexylamide as a pale yellow oil. 

N-a-L-(p-0-benzylaspartyl)-(1R, 2S, 4S)-1-methyl-2-hydrcxy-4-phenyihexylamide (1.13 g. 2.73 mmols) was sus- 
pended in 20 ml of THF, and the suspension was maintained at 0°C. To this suspension were added 0.16 ml (2.73 
mmols) of acetic acid. 0.34 ml (2.73 mmols) of 3,3-dimethylbutyl aldehyde and 0.87 g (4.10 mmols) of NaB(OAc) 3 H. 
The mixture was stirred at 0°C for 1 hour and then overnight at room temperature. To the reaction solution were added 
30 ml of a saturated aqueous solution of sodium hydrogencarbonate, and the mixture was extracted twice with 50 ml of 
ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride, and was dried over 
anhydrous magnesium sulfate. Magnesium sulfate was then removed by filtration, and the filtrate was concentrated 
under reduced pressure. The residue was purified with PTLC to obtain 1 .04 g (2.09 mmols) of N-a-L-(N'-3,3-dimethyl- 
butyl-p-0-benzylaspartyl)-(1 R, 2S, 4S)-1 -methyl -2-hydroxy-4-phenylhexylamide as a pale yellow oil. 

N-a-L-fN^.S-dimethylbutyl-p-O-benzylaspartyO-flR, 2S, 4S)-1-methyl-2-hydroxy-4-phenylhexylamide (1.04 g. 
2.09 mmols) was dissolved in 40 ml of methanol, and 5 ml of water and 0.50 g of 5-% palladium on carbon (water con- 
tent 50%) were added thereto. The solution was reduced under a hydrogen atmosphere overnight at room temperature. 
The catalyst was removed by filtration, and the filtrate was concentrated under reduced pressure. The residue was then 
dried to give 0.74 g (1.81 mmols) of N-a-L-fN'-S^-dimethylbutylaspartyO-flR, 2S. 4S)-1-methyl-2-hydroxy-4-phenyl- 
hexylamide (2S:2R = >5:1) as a solid. 

1 HNMR(DMSO-d 6 ) 6: 0.66(t,3H), 0.83(s,9H), 1.00(d,3H), 1.35-1.56(m,4H), 1.63-1 JS(m t 2H), 2.55-2.72(m,5H), 
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3.40-3.48(m,1H), 3.75-3.88(m,2H), 4.70(brs,1H), 7.10-7.30(m,5H) t 8.34(d t 1H) 
ESI-MS 407.4 (MH + ) 
Degree of sweetness (relative to sugar) 5,500 times 

5 Example 13 

Synthesis of N-a-L^N'-S.S-dimethvlbLitviasDartvl^flR. 2S. 4RV1-methvN2-hvdroxv-4-phenvlhexvlamide 

Example 12 was repeated except that (S)-2-phenylbuty1 bromide was used instead of (R)-2-phenylbutyl bromide to 
w give N-a-L-(N'-3 ( 3-dimethylbutylaspartyl)-(1R, 2S, 4R)-1-methyl-2-hydroxy-4-phenyihexylamide (2S:2R = >9:1) as a 
solid in a total yield of 52.2%. 

1 HNMR(DMSO-de) 6: 0.69(t.3H), 0.85(s,9H), 0.93(d,3H), 1.38-1.66(m,6H). 2.60-2.78(m,5H). 3.00-3. 10(m.1H), 
3.58-3.67(m,1H). 3.81 (t.1H), 7.10-7.30(m,5H), 4.60 (brs,1H), 8.26(d,1H) 
ESI-MS 407.4 (MH + ) 
75 Degree of sweetness (relative to sugar) 3,000 times 

Example 14 

Synthesis of N-a-L-fN'^-ethvlbutvlaspartvlW 1 R. 2S. 4SV1-methvl-2-hydroxv-4-phenv<hexvl amide 

20 

Example 12 was repeated except that 2-ethylbutyl aldehyde was used instead of 3,3-dimethylbutyl aldehyde to give 
N-a-L-(N'-2-ethyIbutylaspartyl)-(1 R, 2S, 4S)-1-methyl-2-hydroxy-4-phenylhexylamide as a solid in a total yield of 
30.6%. 

1 HNMR(DMSO-d 6 ) 6: 0.66(t,3H). 0.79(t.6H). 1.00(d,3H), 1.22-1 .36(m.4H). 1.36-1.54(m,3H). 1.64-1.77(m.2H), 
25 2.50-2.66(m,5H), 3.38(brs.1H), 3.67(t.1H). 3.73-3.83 (m,1H). 4.66(brs,1H). 7.10-7.23(m.5H). 8.17(d,1H) 
ESI-MS 407.4 (MH + ) 
Degree of sweetness (relative to sugar) 3,000 times 

Example 15 

30 

Synthesis of N-a-L-(N'-3-m etlwlbuMaspartvlH1R. 2S. 4SM-methy|-2-hvdroxv-4-phenvlhexvlamide 

Example 12 was repeated except that 3-methylbutyl aldehyde was used instead of 3,3-dimethylbutyl aldehyde to 
give N-a~L-(N'-3-ethylbutylaspartylH1 R, 2S, 4S)-1-methyl-2-hydraxy-4-phenylhexylamide as a solid in a total yield of 
35 25.4%. 

1 HNMR(DMSO-d 6 ) 6: 0.66(t,3H). 0.83(d,3H), 0.84{d ( 3H), 1.00(d,3H) ( 1.30-1 .62(m,5H) ( 1.62-1.76(m.2H), 2.40- 
2.54(m,3H), 2.60(t t 2H), 3.34-3.44(m,1 H) f 3.64(t.1H), 3.70-3.80(m,1H), 4.67(brs,1H), 7.12-7.32(m,5H), 8.14(d.1H) 
ESI-MS 393.4 (MH + ) 
Degree of sweetness (relative to sugar) 4,000 times 

40 

Example 16 

Synthes is of N-a-L-fN'-S.a-dimethvibutvlaspartyl)-^^. 2SM-methvl-2-hvdroxv-3-cvclohexvlpropvlamide 

45 Example 12 was repeated except that cycfohexylmethyl bromide was used instead of (R)-2-phenylbutyl bromide to 
give N-a-L-(N'-3,3-dimethylbutyiaspartyl)-(1 R, 2S)-1-methyl-2-hydroxy-3-cyclohexylpropylamide as a solid in a total 
yield of 11.3%. 

1 HNMR(DMSO-d 6 ) 6: 0.88(s,9H), 0.99(d,3H), 0.80-1.80 (m,15H), 2.60(d t 2H) ( 2.69(t,2H), 3.41-3.48(m.1 H). 3.62- 
3.72(m,1H), 3.77(t,1H), 4.57(brs,1H), 8.25(d,1H) 
so ESI-MS 371 .4 (MH + ) 

Degree of sweetness (relative to sugar) 100 times 

Example 17 

55 Synthesis of N-a-L-(NX^3<limethvlbutvlaspartvlH1 R. 2R)-1-methvl-2-hvdroxv-3-cvclohexvlDropvlamide 

LAH (0.66 g. 1 7.5 mmois) was suspended in 40 ml of ether, and the suspension was maintained at 0°C. To this sus- 
pension were added 2.32 g (10.0 mmols) of N-methoxy-N-methylcarboxyamide of N-tert-butoxycarbonyl-a-D-alanine. 
The mixture was stirred at 0°C for 1 hour, and 25 ml of a 1-M potassium hydrogensulfate aqueous solution were then 
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added thereto. The reaction solution was extracted twice with 50 ml of ether. The organic layer was washed with 50 ml 
of a 5-% sodium hydrogencarbonate aqueous solution and with a saturated aqueous solution of sodium chloride, and 
was dried over anhydrous magnesium sulfate. Magnesium sulfate was removed by filtration, and the filtrate was con- 
centrated to obtain 1 .29 g (7.43 mmols) of (R)-2-N-tert-butoxycarbonylaminopropyl aldehyde as a solid. 

Magnesium (0.68 g, 27.8 mmols) was suspended in 2 ml of THF, and a solution of 3.29 g (1 8.6 mmols) of cyclohex- 
ytmethyi bromide in 3 ml of THF was added dropwise to the suspension. The reaction solution was stirred at room tem- 
perature for 1 hour, and 5 ml of THF were added thereto. The mixed solution was coofed to -78°C. To the reaction 
solution was addedji solution obtained by dissolving 1 .29 g (7.43 mmols) of the above-obtained (R)-2-N-tert-butoxycar- 
bonylaminopropyl aldehyde in 10 ml of THF. The temperature was gradually elevated from -78°C, and the mixture was 
then stirred at room temperature for 1 5 hours. To this reaction solution were added 50 ml of a saturated aqueous solu- 
tion of ammonium chloride, and the mixture was extracted twice with 50 ml of ether. The organic layer was washed with 
5-% sodium hydrogencarbonate and with a saturated aqueous solution of sodium chloride, and was dried over anhy- 
drous magnesium sulfate. Magnesium sulfate was removed by filtration, and the filtrate was concentrated. The residue 
was purified with PTLC to obtain 0.88 g (3.25 mmols) of (1R, 2R)-N-tert-butoxycarbonyl-1 -methyl -2-hydroxy-3- 
cydohexylpropylamine (2S:2R = 3:7) as an oil. 

Fifteen milliliters of a solution containing 4-N HCI and dioxane were added to 0.88 g (3.25 mmols) of (1 R, 2R)-N- 
tert-butoxycarbonyl- 1 -methyl-2-hydroxypropylamine, and the mixture was stirred at room temperature for 1 hour. The 
reaction solution was concentrated under reduced pressure, and the residue was further concentrated after the addition 
of 25 ml of ether. The resulting residue was dissolved in 30 ml of methylene chloride, and the solution was cooled to 
0°C. N-tert-butoxycaibonyl-L-aspartic acid-p -benzyl ester 1 .11 g (3.42 mmols), 0.5O ml (3.58 mmols) of triethylamine. 
0.69 g (3.58 mmols) of water-soluble carbodiimide and 0.48 g (3.58 mmols) of HOBt were added to the above-obtained 
solution. The mixture was stirred for 1 hour while being cooled and then overnight at room temperature. After the reac- 
tion solution was concentrated under reduced pressure, 50 ml of water were added to the residue, and the mixture was 
extracted twice with 50 ml of ethyl acetate. The organic layer was washed twice with 50 ml of a 5-% citric acid aqueous 
solution, with 50 ml of water, twice with a 5-% sodium hydrogencarbonate aqueous solution and with 50 ml of a satu- 
rated aqueous solution of sodium chloride. The organic layer was dried over anhydrous magnesium sulfate, and mag- 
nesium sulfate was then removed by filtration. The filtrate was concentrated under reduced pressure, and was purified 
through PTLC to obtain 0.81 g (1.69 mmols) of N-a-L-fNMert-butoxycarbonyl-p-O-benzylaspartyO-flR. 2R)-1-methyl- 
2-hydroxy-3-cyclohexylpropylamide as a viscous oil. 

Eight milliliters of a solution containing 4-N HCI and dioxane were added to 0.81 g (1.69 mmols) of N-a-L-(N f -tert- 
butaxycarbony(-p-0-benzylaspartyl)-(1R, 2R)-1-methyl-2-hydroxy-3-cyclohexylpropylamide, and the mixture was 
stirred at room temperature for 1 hour. The reaction solution was concentrated under reduced pressure, and 50 ml of a 
5-% sodium hydrogencarbonate aqueous solution were added to the residue. The mixture was extracted twice with 50 
ml of ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride, and was dried 
over anhydrous magnesium sulfate. Magnesium sulfate was then removed by filtration, and the filtrate was concen- 
trated under reduced pressure to obtain 0.60 g (1.60 mmols) of N-a-L-(p-0-benzylaspartyl)-(1 R, 2R)-1-methyl-2- 
hydroxy-3-cydohexylpropylamide as a pale yellow viscous oil. 

N-a-L-(p-0-benzylaspartyl)-(1 R, 2R)-1-methyl-2-hydroxy-3-cyclohexylpropylamide (0.60 g, 1.60 mmols) was sus- 
pended in 12 ml of THF, and the suspension was maintained at 0°C. To this suspension were added 0.092 ml (1.60 
mmols) of acetic acid, 0.20 ml (1.60 mmols) of 3,3-dimethylbutyl aldehyde and 0.51 g (2.41 mmols) of NaB(OAc) 3 H. 
The mixture was stirred at 0°C for 1 hour and then overnight at room temperature. Twenty milliliters of a saturated aque- 
ous solution of sodium hydrogencarbonate were added to the reaction solution, and the mixture was extracted twice 
with 50 ml of ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride, and 
was dried over anhydrous magnesium sulfate. Magnesium sulfate was then removed by filtration, and the filtrate was 
concentrated under reduced pressure. The residue was purified with PTLC to obtain 0.50 g (1 .09 mmols) of N-a-L-(N*- 
3,3-dimethylbutyl-p-0-ben2ylaspartyl)-(1R t 2R)-1-methyl-2-hydroxy-3-cyclohexylpropylamide as a pale yellow oil. 

N-a-L^N'-S.S-dimethylbutyl-p-O-benzylaspartyO^IR, 2R)-1-methyl-2-hydroxy-3-cyclohexylpropylamide (0.50 g, 
1 .09 mmols) was dissolved in 30 ml of methanol, and 5 ml of water and 0.25 g of 5-% palladium on carbon (water con- 
tent 50%) were added thereto. The solution wa6 reduced underr a hydrogen atmosphere at room temperature for 4 
hours. The catalyst was removed by filtration, and the filtrate was concentrated under reduced pressure. The residue 
was then dried to give 0.36 g (0.98 mmols) of N-a-L^N'^.S-dimethylbutylaspartylJ-tlR, 2R)-1-methyl-2-hydroxy-3- 
cydohexylpropylamide as a solid. 

1 HNMR(DMSO-d 6 ) 5: 0.86(s,9H). 1.02(d,3H), 0.80-1. 74(m,15H), 
2.48-2.56(m,2H), 2.60-2.70(m.2H), 3.40-3.55(m.1H), 3.63-3.83(m,2H). 4.53(brs,1H). 8.06(d,1H) 
ESI-MS371.4(MH + ) 

Degree of sweetness (relative to sugar) 750 times 
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Claims 

1 . Aspartylamicle derivatives represented by formula (I) 

5 R r NHC 1 H(CH 2 COOH)CONH-C 2 R 2 R3-C 3 H(OH)-R4 (I) 

wherein 

R 1 represents H, a saturated or unsaturated linear or cyclic hydrocarbon group having from 1 to 13 carbon 
10 atoms, or a mixed hydrocarbon group thereof; 

R 2 and R 3 each represent H, or a substituent selected from an aikyl group having from 1 to 6 carbon atoms, 
an alkoxyalkyl group having from 2 to 7 carbon atoms, a hydroxyalkyl group having from 2 to 7 carbon atoms, 
a phenyl group, a 2-furyl group, a dimethylene group, a trimethylene group, a tetramethylene group and a pen- 
tamethylene group; 

75 when R 1 is a saturated or unsaturated linear or cyclic hydrocarbon group having from 1 to 13 carbon atoms or 

a mixed hydrocarbon group thereof , R 4 represents an alky! group having from 1 to 12 carbon atoms, or a sub- 
stituent represented by formula (II) or (III), and when R 1 is H, R 4 represents a substituent represented by for- 
mula (III) 

20 -(CHR 5 ) n -R6 (II) 

-(CH 2 ) m C 4 HR 7 R 8 (III) 

in which 

25 in formula (II) 

R 5 represents H, or an alkyl group having from 1 to 4 carbon atoms, 

R 6 represents a 3- to 10-membered cycloalkyl group having a total of 12 or less carbon atoms, a cycloalkenyl 
group, a cycloalkyl group which is substituted by an alkyl group, a cycloalkenyl group, a bicycloalkyl group, a 
bicycloalkenyl group, or a tricycloalkenyl group, and 
30 n represents 0 or 1 , and 

in formula (III) 

R 7 and R 8 each represent H, a cycloalkyl group having from 3 to 4 carbon atoms, an alkyl group having from 
1 to 6 carbon atoms, an alkoxyalkyl group having from 2 to 7 carbon atoms, a phenyl group, a phenyl group 
having a substituent selected from F, CI, Br, I, a hydroxy group, an alkyl group having from 1 to 6 carbon atoms, 
35 an alkoxy group having from 2 to 7 carbon atoms, a cyano group, a nitro group, an acetyl group, an amino 

group and an acetylamino group in the 2-, 3- or 4-position, a phenyl group having a methylenedioxy group, a 
trimethylene group or a tetramethylene group in the 2-and 3-positions or in the 3- and 4-positions, a 2-, 3-or 4- 
pyridyl group, a 2- or 3-furyl group, or a 2- or 3-thienyl group, and 
m represents 0 or 1 ; and 

40 the C 1 -configuration is (S). and the C 2 -, C 3 - and C 4 -configurations are (R), (S) or (RS), 

and salts thereof. 

2. The compounds of claim 1, wherein R-j is H, R 2 is H f R 3 is a methyl group, R 4 is a (S)-, (R)- or (RS)-2-phenylbutyl 
45 group, the C 2 -configuration is (R). and the C 3 -configuration is (S), (R) or (RS). 

3. The compounds of claim 1 , wherein is H, R 2 is H, R 3 is a methyl group, R 4 is a (S)-. (R)- or (RS)-2-phenylpropyl 
group, the C 2 -configuration is (R). and the (^-configuration is (S), (R) or (RS). 

so 4. The compounds of daim 1, wherein R 1 is H, R 2 is H, R 3 is a methyl group, R 4 is a (S)-, (R)- or (RS)-2-phenyl-3- 
methoxypropyl group, the C 2 -configuration is (R), and the C 3 -corrfiguration is (S), (R) or (RS). 

5. The compounds of claim 1 , wherein R 1 is H, R 2 is H, R 3 is an ethyl group, R 4 is a (S)-, (R)- or (RS)-2-phenylbutyl 
group, the C 2 -configuration is (R), and the C 3 -configuration is (S), (R) or (RS). 

55 

6. The compounds of claim 1 , wherein R, is H, R 2 is H, R 3 is a 1 -hydroxylethyl group, R 4 is a (S)-, (R)- or (RS)-2-phe- 
nylbutyl group, the C 2 -configuration is (R), and the C 3 -configuration is (S). (R) or (RS). 

7. The compounds of claim 1 , wherein R 1 is H, R 2 and R 3 are methyl groups, R 4 is a (S)-, (R)- or (RS)-2-phenylbutyl 
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group, and the C 3 -configuration is (S), (R) or (RS). 

8. The compounds of claim 1 , wherein is H, R 2 is H, R 3 is a methyl group, R 4 is a 2-phenylethyl group, the (^-con- 
figuration is (R), and the C 3 -configuration is (S). (R) or (RS). 

S. The compounds of claim 1 , wherein ft, is a 3,3-dimethyibutyl group, R 2 is H. R 3 is a methyl group. R 4 is a (S)-, (R)- 
or (RS)-2-phenylbutyl group, the (^-configuration is (R), and the C 3 -configuration is (S), (R) or (RS). 

10. The compounds of claim 1, wherein R-, is a 2-ethylbutyl group, R 2 is H, R 3 is a methyl group, R 4 is a (S)-, (R)- or 
(RS)-2-phenylbutyl group, the C 2 -configuration is (R), and the C 3 -corrfiguration is (S), (R) or (RS). 

11. The compounds of claim 1 , wherein is a 3-methylbutyl group, R 2 is H, R 3 is a methyl group, R 4 is a (S)-, (R)- or 
(RS)-2-phenylbutyl group, the C 2 -configuration is (R), and the C 3 -configuration is (S), (R) or (RS). 

1 2. The compounds of claim 1 , wherein R-i is a 3,3-dimethylbutyl group, R 2 is H. R 3 is a methyl group, R 4 is a cyclohex- 
ylmethyl group, the C 2 -configuration is (R), and the C 3 -configuration is (S), (R) or (RS). 

13. A sweetener containing the novel aspartytamide derivatives of formula (I) or salts thereof as an active ingredient. 
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